Abstract
Introduction
Currently, the financial markets are witnessing liberalized capital movements, financial reforms, advances in computer technology and information processing. This trend is evident in both developed and developing countries. These factors have reduced the isolation of domestic markets and increased their ability to react promptly to news and shocks originating from the rest of the world. This indicates that the linkages between stock markets around the world have grown stronger. Hence there is need to study these linkages and this is a study of empirical nature investigating these linkages. International linkage of emerging markets has great implications for domestic economies and for international diversification. Strong linkage reduces the insulation of domestic market from any global shock whereas weak market linkage offers potential gains from international diversifications.
Modern portfolio theory says that gains from international portfolio diversification are inversely related to the correlation between the equity returns. Investors hold various securities (more than one indexes) in the expectation of achieving a reduction in risk via diversification. In the mean variance framework, correlation is the measure of comovement in returns. Errunza (1977) demonstrated the advantage of international diversification based on low correlation between the equity markets. Later, Kasa (1992) argued that benefits from international diversification based on low correlations may be overestimated. If the investor has a long term investment horizon and markets reach the long run equilibrium, the strategy based on correlation will not work. In other words, any benefit accrued from diversification will be eradicated in the long run. This implies that correlations are time varying and investors need a more accurate measure of international stock market interdependence. Hence, the researchers have suggested the use of cointegration test for finding the long run dependence between the indices. Also, based on co-integration and causality analysis, the investment strategy of the investors and traders can be explored. Furthermore, understanding short run interdependence in returns and volatility across different markets adds to diversification and hedging strategies.
Information transmission across markets has been widely studied. Most of the studies focus on the long term interdependence and causality among stock markets, which tries to find long-term or short term correlation among these markets (Eun and Shim, 1989; Nath and Verma, 2003; and Constantinou, Kazandjian, Kouretas and Tahmazian, 2005) . However, the information transmission across markets might not be only through mean returns but also through volatility (Bekaert and Harvey (1997) , Ng (2000) , Baele (2002) , Christiansen (2003) , and Worthington and Higgs (2004) ). Most of the results indicated the importance of US market in transmitting return and volatility to other developed and emerging markets. However in Asian context, the Japanese market plays the role of a leading market. It is argued that if two markets are integrated then any external shock in one market will not only affect the mean but also the variance of return in other markets. Understanding volatility spillover across markets is important because it is a measurement of risk and helps in estimating the risk of internationally diversified portfolio, in executing hedging strategy and asset allocation, and also in devising policies related to capital inflow in the market. The studies in this area consider the volatility spillover across markets in time varying volatility framework.
Over the past fifteen years there had been a growing interest among the portfolio managers in the emerging capital markets as they are expected to provide higher asset returns compared to the developed markets. However, with opening of the economies, the increasing integration between the emerging and the developed markets has led to information and sentiment spillover from one market to another. Also, the listing of stocks at dual or multiple stock exchanges all over the globe also adds to integration of markets (Bennett and Keller, 1988) .
The emerging Indian financial markets have also attracted considerable investment in last decades. The Indian stock market is represented by two most prominent stock indices, viz., Bombay Stock Exchange's (BSE) Sensitive Index (Sensex) and NSE's S&P CNX Nifty (Nifty). The Sensex is generally considered to be the bellwether of the Indian stock market. It is an index of 30 stocks representing 12 major sectors. The SENSEX is constructed on a 'free-float' methodology, and is sensitive to market sentiments and market realities.
Indian capital market is evolving and many important reforms have taken place such as institutional, process service and instrument reforms. The major reforms in process and service such as dematerialized trading of securities, the reforms in the trading system as regards to electronic trading, central counterparty, rolling settlement, clearing & settlement mechanism, reforms in the carry forward & margin trading system have been initiated to increase the width and depth of the Indian capital market. In Year 2000, various instrument like index futures and option were introduced.
Since 1991, when economic and financial sector reforms were initiated, the integration of Indian stock market with other markets has accelerated. In this phase, the policies related to the inflow of foreign funds with entry of foreign institutional investors (FII), investment norms for non-resident Indians (NRIs), persons of Indian origin (PIOs), overseas corporate bodies (OCBs), global depository receipt (GDR), American depository receipt (ADR) and foreign currency convertible bond (FCCB) have been liberalized. FIIs hold about 25 percent of market capitalization of the large Indian stock (around $1.3 trillion), if cumulative dividends that are rolled over are included (Singh, 2007) . However, around 50 percent of FII flows have been via participatory notes (PNs). FII investment in the Indian equity market has increased its dependence on other financial markets. Some of the Indian listed companies have issued instruments such as American Depository Receipts (ADR) and Global Depository Receipts (GDR) and got their equity shares listed on the US bourses such as NASDAQ and NYSE and European bourses such as LSE. Recently in October 2007, to moderate and create more transparency in the capital flow in the Indian market, offshore derivative instruments, including participatory notes (PNs), equity linked notes and capped return notes -all used by foreign institutional investors (FIIs) to invest in Indian stocks, have been banned. This resulted in lower investment by portfolio investors like hedge funds and lead to immediate reaction of the market fall in the Sensex and the Nifty index.
In Indian context, there has been relatively few studies exploring linkages of Indian markets with international other markets. These are limited to studying linkages with few markets mainly the US and Japanese markets. The informational linkages between the US and Japanese markets with the Indian market has been studied by Rao and Naik (1990) , Kumar and Mukhopadhyay (2002) , Ray (2002, 2003) , Nair and Ramanathan (2002) , Nath and Verma 2003, Kaur (2004) , Mukherjee and Mishra (2006) and Kiran and Mukhopadhyay (2007) . Most of the studies demonstrate the dominance of US and Japan market and information flows from these market to India. Methodologically, most of the works are limited to cointegration, causality test or univariate GARCH. Application of multivariate GARCH model is limited in investigating volatility spillover.
Previous works in this area, especially in context of emerging Asian markets, focused on the impact of developed markets on emerging Asian markets, inter-or intra-regional interdependencies between emerging markets, while controlling for the impact of developed markets. However, in recent scenario, there is possibility of dynamic relationship between emerging and developed markets. Methodologically, same day effect (even when their opening and closing times are significantly different) is usually ignored in return and volatility spillover estimation. Estimation of return and volatility spillover through Vector Autoregressive (VAR) and VAR-BEKK models are limited to two or three variables (Liu and Pan, 1997; Christofi and Pericli, 1999; In et al., 2001 ). In case of more markets, the CCF test developed by Cheung and Ng (1996) is widely used (Fujii, 2005; Gebka and Serwa, 2007) for causality effects between markets ignoring partial effects of other markets. Specific to Indian market, there are very limited studies in the area of information transmission.
The purpose of this study is to explore the return and volatility spillover effects among Asian (China, Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Pakistan, Singapore, and Taiwan), European (Germany, France and United Kingdom) and North American (Canada and United States) markets. In this study, lag effect of returns is estimated by VAR model with 15 endogenous variables. The same day effect of markets is captured by AR model in which returns of the markets that open/close before the market under examination, the same day returns are used as explanatory variable and those which open/close after, the one day lag returns are used. The Volatility spillover is estimated using two step AR-GARCH model (Liu and Pan, 1996) and same day effect is also captured using the same method used in returns spillover. For Indian market, long-term integration, short-run return spillover and volatility spillover are explored using Johansen co-integration, Granger causality test (bivariate VAR) and VAR-BEKK model respectively. It is expected that there should be higher interdependence of Indian market with Asian markets such as Japan, Hong Kong, Singapore and other developed markets especially the US market. The reasons are increasing trade linkages of Indian economy with these countries, FII flows and dual listing of companies.
The rest of the paper is organized as follows. Section 2 presents the brief literature review of the volatility and return spillover across markets. The data and its descriptive statistics are provided in section 3. Methodology employed for the present study is explained in section 4. Section 5 describes the empirical findings and discussions based on that. Final section gives the summary of the paper along with conclusions.
Literature review
Interdependence among international markets has been studied in two broader context: interdependence in return (Hilliard, 1979, and Errunza and Losq, 1985) and interdependence in volatility (Hamao et al., 1990; Theodossion and Lee, 1993; Koutmos and Booth, 1995; Liu and Pan, 1997; In et al., 2001; Jang and Sul, 2002; Leong and Felminglam, 2003; Darrat and Benkato, 2003; Cifarelli and Paladino, 2004; Hoti, 2005) . Most of the studies have been focused the developed markets especially interdependence among U.S., Japanese and major European markets. Some works (discussed in this section) have also been done in case of developed Asian and emerging market context in which interrelations among emerging markets (such as East Asia, Latin America, and the Middle East) and the developed equity markets have been studied. Grubel (1968) studied the gains of international diversification by investigating the comovement and correlation between different markets from a US perspective. Hamao et al. (1990) used univariate GARCH model and Koutmos and Booth, (1995) used EGARCH model to study return and volatility spillover between New York, Tokoyo and London stock markets. Most of the results indicated the importance of US market in transmitting return and volatility to other developed and emerging markets.
The application of multivariate GARCH model in estimating volatility spillover was initiated by Engle, Ito and Lin (1990) , who investigated the intraday volatility spillover between US and Japanese foreign exchange markets. The same model was further applied on various capital markets by various authors (Bekaert and Harvey (1997) , Ng (2000) , Baele (2002 ), Christiansen (2003 , and Worthington and Higgs (2004) ). Karolyi (1995) used multivariate GARCH model to find the short-run interdependence of return and volatility of Toronto and New York stock market. Theodossiou et al. (1997) also used multivariate GARCH approach to investigate stock market returns in the USA, Japan and the UK during 1984 to 1994 and found some statistically significant volatility spillovers form the USA and Japan to the UK. Liu and Pan (1997) studied the volatility spillover among U.S., Japanese and four other Asian stock markets and found that the U.S. market is more influential than the Japanese market in transmitting returns and volatilities to the other four Asian markets. Ng (2000) studied volatility spillovers from Japan and the US to pacific-basin stock markets. Baele (2002) investigated the time-varying nature of the volatility-spillover effects from the US (global effects) and the aggregate European stock markets (regional effects) into individual European stock markets. Christiansen (2003) examined mean and volatility spillover effects from both the US and Europe into the individual European bond markets and found negligible mean-spillover but volatilityspillover effects was substantial. Wongswan (2006) studied the information transmission from the U.S. and Japan to the Korean and Thai equity markets and concluded that there is a large and significant association between developed market and emerging market equity volatility at short time horizons.
In European countries context, many authors examined the effect of introduction of EURO (1 st Jan 1999) on European markets linkage and linkage between European and US. Most of the studies found that linkages between European markets increased after EURO (Melle, 2003) , however, the linkages between European and US market is not conclusive. Cheung and Westermann (2001) concluded that the spillover did not change between US and European market before and after EURO. While analyzing volatility spillover between US, UK and Japan market using high frequency data, McAleer (2003) found that volatility spillover took from UK to USA and Japan and from USA to UK. Savva et al. (2004) examined the spillover among US, Germany, London and France market using dynamic correlation framework and found that European markets (only London and German) are affected by US. They also conclude that the correlation between European markets has increased after the introduction of EURO. Bartram et al, (2007) analyzed market linkages among Euro and Non-Euro European countries using a general time-varying copula dependence model. They investigated the impact of the introduction of the Euro on the dependence of equity markets in Europe and found that market dependence within the Euro area increased only for some countries, like France, Germany, Italy, the Netherlands and Spain as a likely result of increased European integration.
In Asian markets context, Bekaert and Harvey (1997) analyzed the volatilities of emerging equity markets and found that in the integrated markets global factors influence the volatility, whereas local factors affects the segmented markets. In et al. (2001) studied the volatility transmission among Asian countries during the Asian Financial Crisis period from 1997 to 1998. They found that reciprocal spillover exist between Hong Kong and Korea. Jang and Sul (2002) investigated the co-movement of Asian stock markets in the past, during and after the Asian Financial Crisis. They found that the co-movement among the Asian markets increased during the financial crisis period. Similar findings have been found by Leong and Felmingham (2003) . Johnson and Soenen (2002) examined the degree of integration of 12 Asian equity markets with Japan's and found that the equity markets of Australia, China, Hong Kong, Malaysia, New Zealand and Singapore are highly integrated with the stock market in Japan. Premaratne and Miyakoshi (2002) examined the magnitude of return and volatility spillovers from Japan and the US to seven Asian equity markets using bivariate EGARCH model and found regional integration among Asian countries than US effect. Bala (2004) investigated the volatility spillover between the Singapore stock market with that of Hong Kong, Japan, the USA and the UK. They found high degree of volatility co-movement between the Singapore stock market and that of Hong Kong, USA, Japan and UK. Worthington and Higgs (2004) found the presence of positive mean and volatility spillovers among nine Asian stock markets. Sang Jin Lee (2007) used bivariate GARCH model and examined the volatility spillover effects within six Asian countries. Author found that there are statistically significant volatility spillover effects within the stock markets of these six countries. Chuang et al. (2007) investigated the volatility spillover among six East Asian markets by using VAR-BEKK framework. They found that the Japanese market is least susceptible to volatility stimuli from other markets, however, is most influential in transmitting volatility to the other East Asian markets.
In Indian context, international linkages have been sparsely studied and mostly investigated with US and some developed Asian market like Japan, Korea etc. Using cross-spectral analysis, Rao and Naik (1990) examined the correlation among US, Japanese, and Indian stock markets and found that the relationship of the Indian market with international markets is poor. They concluded that the poor integration of Indian market with US and Japan is because of heavy controls and restriction on trade and capital flow in Indian market throughout the entire seventies. Hansda and Ray (2002) examined the Interdependence between the BSE/NSE and the Nasdaq/NYSE at aggregate market level. They considered only the technology stocks and found that there exists only unidirectional causality from the Nasdaq/NYSE to BSE/NSE. Hansda and Ray (2003) also studied the price interrelationship between ten dually listed stocks i.e. the stocks, those are listed on the BSE and NSE and the Nasdaq/ NYSE. They used VAR models and found that there is bi-directional causality between the prices of the dually listed stocks. Authors concluded that the markets are efficient in processing and incorporating the pricing information. Nair and Ramanathan (2002) examined the long run relationship between the US and Indian stock market indexes by using Engle Granger residual based test of cointegration, and Hsiao, Granger and Sims tests of causality and found that there exist a long run relationship between the Nasdaq Composite Index and the NSE Nifty. The direction of causation was from Nasdaq Composite Index to NSE Nifty. Kumar and Mukhopadhyay (2002) examined the return and volatility spillover from Nasdaq to Nifty using daily data from July 1999-June 2001 period. They applied two stage GARCH and ARMA-GARCH model to capture this effect and found that Nifty returns and volatility are significantly affected by the previous day's daytime returns and volatility of Nasdaq composite. Nath and Verma (2003) studied the market indices of India, Singapore and Taiwan. They demonstrated no correlation between these indices. Kaur (2004) studied the return and volatility spillover between India (Sensex and Nifty) and US (NASDAQ and S&P 500) markets by using EGARCH and TGARCH volatility models. She found the mixed evidence of return and volatility spillover between the US and the Indian markets. The significant correlation between US and Indian markets was time specific. Mukherjee and Mishra (2006) Kiran and Mukhopadhyay (2007) compared various GARCH models on intraday data of the period July 1999-June 2001 to estimate the volatility spillover from Nasdaq to Nifty and found that there is significant volatility spillover from US to Indian market. They also concluded that the simple ARMA-GARCH model performs better than the more complex MGARCH model.
Descriptive statistics of return on indices
In this study, we investigate the relationship between BSE 30 index (representing Indian market) with 14 other indices of different countries as presented in Table 1 . The opening and closing timing of the indices (local and GMT timings) are presented in Figure 1 . Opening and closing timings with respect to BSE 30 timing are also presented in To investigate long term and short term relationship between return, further we performed Johansen Co-integration (1988) and Granger Causality test (1969) . Volatility spillover between BSE and other indices are also investigated through bivariate BEKK model.
Long-run and short run interdependence of Indian market with other market.
In this section, we investigate the long run interdependence of BSE 30 index on other indices. Long-run integration is tested through Co-integration techniques whereas Granger Causality test and Vector autoregressive model are used for examining short run dynamics. Generally, it has been found that time series of indices are non-stationary and their returns are stationary. Johansen Co-integration requires same degree of integration; hence, we performed unit root rest on all indices, both in level and return series. After identifying the degree of cointegration, a bivariate co-integration technique is used to test the cointegration between BSE 30 with other indices. It might be possible that series are not cointegrated in long run but have short-run dependence. Whether there exists short run Granger causation between BSE 30 and other indices is tested through Granger Causality test. However, Granger Causality test does not explain whether there is a positive or negative relation between endogenous variables, and the strength of relationship, if any. This is investigated through Vector autoregressive model.
Unit root and stationarity test
Several tests have been developed to test the presence of unit root in a series. In this study, we focus on ADF test proposed by Dickey and Fuller (1979, 1981) , and KPSS test proposed by Kwaitkowski et al (1992) . In ADF test, the series has unit root, is the null hypothesis 
Johansen's cointegration techniques
The Johansen full information multivariate cointegrating procedure (Johansen, 1988; and Johansen and Juselius, 1990 ) is widely used to perform the cointegration analysis. It can only be performed between the series with same degree of integration. If the two or more series are found to be co-integrating, then they are said to have common stochastic trend. They tend to move together in the long run but may divergence in short run. This test is based on vector auto regressive system of non stationary variable which is represented as [1] Cointegration among vectors Y t are examined using the properties of coefficient matrix П. If the rank of the matrix П is zero, no cointegration exists between the variables. If П is the full rank (p variables) matrix then variables in vector Y t are stationary process. If the rank lies between zero and p, cointegration exists between the variables under investigation. Two likelihood ratio tests are used to test the long run relationship (Johansen and Juselius, 1990 ).
(a) The null hypothesis of at most r cointegrating vectors against a general alternative hypothesis of more than r cointegrating vectors is tested by trace Statistics. Critical values for KPSS (Constant, trend) 1% level = 0.216000 5% level = 0.146000
As we are interested in investigating long-run interdependence between BSE 30 and other indices, bivariate cointegration test is performed. All 14 pairs of each closing and opening prices are investigated and results are presented in Table 6 (a) and 6(b) respectively. All series have one degree of cointegration hence, two null hypotheses are tested: no cointegrating vector and at most one co-integration vector. Trace and Maximum Eigen Value statistics for all pairs are reported, which assumes the VECM with intercept in both errorcorrection and VAR representation 6 . However, other options in the equation like intercept, trend and quadratic trend give similar results in all cases. For opening prices, there is no cointegration of BSE 30 with any of the other indices. Only in the case of JSX Composite index the null hypotheses of no cointegration is rejected and hence shows cointegration of BSE 30 index with JSX Composite index for closing prices. All other indices show no cointegration with BSE 30 index. Further, we do not find any difference between Asian and other countries in terms of cointegration with BSE 30. This implies that there may be long run benefits from portfolio diversification across these markets. Similar to our result, Nath and Verma (2003) found no co-integration between NSE NIFTY 7 , STI and TSEC indices. 
Granger causality analysis
Cointegration indicates long run relationship between the stochastic variable, however, it might be possible that two time series are not cointegrated in long run but, there may exist short run causal inter-relationship. Short run interrelationship is examined through Granger Causality test. Granger explains whether the explanatory power of the bivariate model can be improved using lag variable. If the improvement is found then one variable is to be Granger cause the second endogenous variable. This causality test assume VAR or VECM model depending upon the degree of cointegration and Wald test is performed on the unrestricted and restricted version of the model. We performed two-way Granger causality test on BSE 30 and other indices i.e. whether BSE 30 Granger causes index return or vice versa for both close-to-close return and open-to-open return. As Granger causality test is sensitive to lag selection of endogenous variable, optimal lag length is selected based on minimum AIC criteria. The results of the test are presented in Table 7 .
As discussed in section 3, indices namely CAC 40, DAX 30, FTSE 100, KSE 100, NASDAQ and S&PTSX indices open after BSE 30 index and also close after it. Hence, some information flow may be expected to flow from BSE 30 index to these indices. Another problem with the Granger Causality test and VAR model is that it consider only the effect of past value but it is import to consider the same day effect of one index on another while analyzing the return and volatility spillover.
Estimation of return spillover using Vector autoregressive (VAR) model
To correct the problem associated with bivariate model, we performed VAR model considering all indices as endogenous variable. The partial cross-correlation is estimated through VAR (15) model and results are presented in table 9 (a) and 9(b). However, coefficient of one day past returns of NASDAQ is also significant for these markets. SSE return is affected by KLSE return only, where as Hang-Seng return is influenced by Asian (Nikkei, Kospi, and STI) as well as FTSE and NASDAQ returns. Indian and Pakistan market open after other Asian markets. Pakistan index is only affected by KLSE, however, there is strong correlation between BSE 30 and Kospi, STI Hang-Seng and JKSE. Results of the Asian market indicate that the information flows from Japan, Korea to Singapore, Taiwan, Malaysia to Hong-Kong to India. Hong-kong market is also influenced by European markets. While analyzing the European market, we found that the FTSE return (which opens before DAX and CAC) is affected by same day returns of Asian markets such as Nikkei, STI and Hang-seng indices, and one day past returns of NASDAQ. It is important to note that many Asian markets open after Nikkei, STI and Hang-Seng, but they do not affect FTSE returns. DAX and CAC are mostly influenced by FTSE market. In Asian countries, DAX returns are only affected by Nikkei. NASDAQ returns are influenced mostly by same day DAX returns; however, Indian and Korean markets also affect the NASDAQ return. Canada market which opens/closes in the last (according to GMT) is mostly affected by NASDAQ market. Significant cross correlation has been found with London, India and Japan market. It can be concluded from the analysis that the information flows from one market to another market as they open/close. However, in Asia, Japan, Singapore and Hong Kong market are more influential than other market. It also supports the fact that the correlation between European markets has increased after the introduction of EURO (1 st Jan 1999). Among the European markets, London and German markets seems to be and the important markets. US influences both Asian and European markets and US market comes out to be the most integrated market (integrated with influential Asian and European Market).
Volatility spillover between BSE 30 and other indices
One of our primary interests in this paper is to investigate the information spillover to-andfro Indian markets in relation to other Asian, European and North American markets. Therefore, here, we investigated the information spillover to-and-fro reference market (represented by BSE 30) through measuring volatility spillover. Information flow across markets through return (correlation among first moment) might not be significant and visible; however, they may have strong effect through volatility (correlation among second moment). As, volatility is measurement of risk, understanding of volatility spillover across markets helps in estimation of diversified portfolio, executing hedging strategy and asset allocation.
After the seminal work of Engle, Ito and Lin (1990) , who applied multivariate GARCH model in estimating volatility spillover between US and Japanese foreign exchange markets, multivariate GARCH model has been widely applied to equity, exchange, bond market etc. In this paper we also applied multivariate GARCH model, BEKK (developed by Baba, Engle, Kraft and Krone), to investigate volatility spillover between BSE 30 and other indices. 
In the BEKK representation of volatility, the parameter, is the volatility spillover from market 2 to market 1, and indicates the spillover from market 1 to market 2. Hence, the statistical significance of these parameters tells about the volatility spillover. As we discussed in the return spillover section, BEKK model also considers only the lag effect and including all indices together will create the optimization problem. As we can see the bivariate BEKK (1,1) requires 11 parameters and BEKK (1,1) with 15 variables requires 570 parameters and optimization will be tedious. We approach the problem in two ways. The volatility spillover between domestic index "BSE30" and other 14 indices are estimated through BEKK (1,1) model and we employ two-stage GARCH approach to examine the volatility spillover across all indices. In this method we also considered the same day effect and estimated the partial coefficient of the parameters. In the first stage, we fitted the AR(1)-GARCH(1,1) model to each indices and obtained the residuals from the mean equation. Figure 3(a) and 3(b) . Residuals of the VAR model are also tested for ARCH disturbance (Table 11 ) and we found that approximately all indices have ARCH effect 9 . While analyzing conditional volatility spillover using close-to-close return, it has been found that there exists significant volatility spillover from Hong Kong, Korea, Japan, and Singapore market to India. The parameter a 21 is significant at 5% level. US, Germany, UK and other markets do not affect the Indian market volatility. Indian market affects (at 10% significant It is interesting to note that volatility spillover indicates the importance of openness and strength of developed markets in volatility spillover; however, geographical proximity may be a reason for volatility spillover. Contradictorily, bilateral spillover is found with US market. This result is opposite to the results of Kumar and Mukhopadhyay (2002) , who found unidirectional spillover from US market to Indian market using multivariate GARCH model using data period from 1999 to 2001. This could be partly due to the difference in estimation period, as we considered the data after year 2000. Volatility Spillover estimated through BEKK (1,1) do not provide the partial effect of indices and also do not consider same day effect. We estimated the partial effect of indices and same day effect using univariate GARCH model as discussed earlier. Most of the work in this area either uses the CCF test developed by Cheung and Ng (1996) to estimate the correlation between returns and volatility or VAR model up-to 5-6 variables (method used to calculate the effect of past return/volatility). The investigation of contemporaneous (co-movements) and dynamic (causation) information spillover is limited. However, It is important to use contemporaneous returns (volatility) when their opening and closing time are different (Kim, 2005; Lee, 2007) . Generally, developed market (US, Japan and European markets) are used as exogenous (control) variable. However in current economic (trade) and financial liberalization (FII and Dual listing) scenario, it is plausible that the emerging markets may affect the developed markets. Application of VAR-BEKK model in estimation of volatility spillover is also limited. In this paper vector autoregressive model in which all 15 indices are used as endogenous variable to estimate the effect of one day lag returns. Application of higher order VAR model is rare. The contemporaneous (comovements) and dynamic (causation) information spillover is estimated using univariate (AR and AR-GARCH) models. The bivariate VAR-BEKK model is also applied to estimate volatility spillover to-and-from Indian market to other markets.
It is found that most of the Asian indices are influenced by lag returns of European and US indices. This result is partial because of the fact that that the influencing indices close/open after all Asian indices and the same day effect is ignored in the VAR model. Results are different when univariate model is used and same day effect is incorporated in the model. We found that return spillover take place from US market to Japan and Korea market to Singapore, Taiwan market to Hong-Kong to European market to US and so on. However, some of the Asian markets like Japan, Korea, Singapore, and Hong-Kong markets show more influencing power than other Asian Markets. In European Markets, they are mostly influenced through Japan, Korea, Singapore, Hong-Kong market and US market. Also, high correlation among European countries is also observed. US market is influenced by both Asian and European market. Volatility spillover is also analyzed through two-step AR-GARCH process. The same day effect is also considered in the model. We found the similar result as we found in the case of return spillover.
In contrast to Ng (2000) results but similar to Miyakoshi (2001) , we found greater regional influence among Asian return and volatility than European and US. Japan market is affected by US and European market and affects most of the Asian Market. This finding is similar with the finding of Chuang et al. (2007) who analyzed six Asian markets including Japan and found that Japanese market is the least susceptible to volatility stimuli from other markets, however, is the most influential in transmitting volatility to the other East Asian markets. Also, we found high degree of correlation among European indices namely FTSE, CAC and DAX, which support the similar finding of many works (Cheung and Westermann, 2001; Melle, 2003; Savva et al., 2004 and Bartram et al, 2007) that analyzed these indices after introduction of EURO.
Interdependence of Indian market with other world market is analyzed separately. We do not find any cointegration of BSE 30 with any major index except JSX composite closing prices, which indicates that the investor may benefit from international diversification. Short-run
